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Sturgeon
J ackfish and walley circle like clouds as he strains
the silt floor of his pool, a lost lure in his lip,
Five of Diamonds, River Runt, Lazy Ike,
or a simple spoon, feeding
a slow disease of rust through his body's quiet armour.
Kin to caviar, he's an oily mudfish. Inedible
Indelible. Ancient grunt of sea
in a warm prairie river, prehistory a third eye in his head.
He rests, and time passes as water and sand
through the long throat of him, in a hiss, as thoughts
of food. We take our guilts
to his valley and dump them in,
give him quicksilver to corrode his fins, weed killer,
gas oil mix, wrap him in poison arms.
Our bottom feeder,
sin-eater.
On an afternoon mean as a hook we hauled him
up to his nightmare of us and laughed
at his ugliness, soft sucker mouth opening,
closing on air that must have felt like ground glass,
left him to die with disdain
for what we could not consume.
And when he began to heave and thrash over yards of rock
to the water's edge and, unbelievably in,
we couldn't hold him though we were teenaged
and bigger than everything. Could not contain
the old current he had for a mind, its pull,
and his body a muscle called river, called spawn.
-Karen Solie
1

Introduction:

Classification and Taxonomy
Lake sturgeon, Acipenser fulvescens, belongs to one of the more ancient lineages of
modem vertebrates, Acipenseriformes. Fossils of the Acipenseridae family are from the lower
Jurassic era approximately 200 million years ago (Ludwig et al., 2001; Pough, 2005). This order
consists of two distinct families; Polyodontidae (paddlefish) which include two species of extant
paddlefish, and Acipenseridae (sturgeon) and twenty-six species of extant sturgeon (Ludwig et
al., 2001). The family, Acipenseridae, is comprised of twenty-six species distributed among four
genera of sturgeon. All of these genera have similar physical characteristics and are closely
related to paddlefish, Polydon spathula. Of these genera, Acipenser is the largest; containing a
total of seventeen species, five native to North America. This genus shares some distinctive
morphological attributes: bony dermal plates on all sides (ventral, dorsal and lateral), an
extendable mouth underneath their snout, and sensory whiskers (barbels) (US Fish & Wildlife
Service, 1996; Hughes, 2002).
Habitat/Geographic Range
Lake sturgeon reside in mesotrophic and oligotrophic freshwater habitats of Northeastern
North America, including both United States and Canadian waterways (Figure 1). According to
the New York State Department of Environmental Conservation and other conservation
agencies, they are most prominent in the Great Lakes drainages including the Niagara and St.
Lawrence Rivers (NYS DEC, n.d.). They are the only species of sturgeon "endemic to the Great
Lakes Basin and are considered the largest freshwater fish indigenous to this system." (Sturgeon
for Tomorrow, 2004).

Populations have also been reported throughout Mississippi River

drainages from the Minnesota to the northern portion of Louisiana, as well as in small portions of
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the Missouri River in South Dakota (St. Pierre and Runstrom, 2004). Currently there are no
known natural exchanges of stocks between western Canadian Provinces and the Great Lakes
and those of the Mississippi River basin. Yet, historically some lake sturgeon in the Great Lakes
Basin have been used for stocking within the Mississippi basin (St. Pierre and Runstrom, 2004).
Life History
Lake sturgeon begin their lives in shallow rocky stream beds. As they age toward
adulthood they move to the deeper waters of lakes and rivers; preferably areas near shoals and
with moderate to swift currents (St. Pierre and Runstrom, 2004). Due to their habitat and
spawning requirements, lake sturgeon have been known to travel large distances to fulfill their
needs, but it is rare to see in non-flowing or non-freshwater areas (St. Pierre and Runstrom,
2004). Lake sturgeon are the only Acipenser species to reside in freshwater during the entirety
of their life cycle (Peterson, 2006). Despite the ability to grow continuously throughout their
lives, as well as having a diet primarily of small prey (e.g. arthropod larvae, nematodes, plant
life), these fish achieve average lengths of 3-5' and weights of 10-80 lbs. They have been
observed at more 300 lbs. and 7' (NYS DEC, 1999). In 1953, a presumed 154 year old specimen
was caught in Lake of the Woods, Canada. (Baker, 1980). Though sex was not specified, a
record weight of 208.5 lbs. was noted (Baker, 1980). Average life spans range from 55 years in
males to 80 years in females. Sexual maturity is typically reached in 8-19 year old males and 1423 years old in females (NYS DEC, 1999). It is presumed that this late maturation age is due to
energy being devoted to somatic rather than gonadal development (Earle, 2002). Sturgeon are
referred to as "broadcast spawners;" meaning there is no direct contact between members of the
opposite sex during copulation (Earle, 2002). Males typically spawn every 1-2 years once they
have reached sexual maturity (St. Pierre and Runstrom, 2004). Whereas, females will spawn
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from May through June only every 3-6 years depending in part on water temperature (9-15 °C)
and level, and can produce 100,000-800,000 eggs (St. Pierre and Runstrom, 2004).
Conservation Efforts: Why is there a need for it?
The threatened status of populations in the Great Lakes and their tributaries can be
attributed to three factors: life history characteristics, commercialization, and habitat alteration.
Unique life history traits such as an irregular frequency of spawning and slow sexual maturation
have contributed to population decline in lake sturgeon (Krieger, 2000). The high mortality rate
from juvenile to adult stages is partially compensated by the female's fecundity. McQuown et al.
(2000) argues that commercialization resulted in overfishing for food (e.g. caviar and meat) in
addition to industrial use of other body parts (e.g. jellies & glues) has caused population
depletion.

Despite, lake sturgeon being considered the most valuable freshwater species

worldwide, it should be recognized that not all fish mortality is due to commercial exploitation.
(Ludwig et al., 2001) In the late 1800s an average of over 1,814 metric tons of lake sturgeon
were harvested annually (St. Pierre and Runstrom, 2004). For example, during 1881-1890, 431,000 kg of lake sturgeon were harvested from Lake Erie alone (Hughes, 2002). Historical
records document accounts of deliberate population depletion by land owners and fisherman for
the purpose of thinning what was seen as over-abundant population densities of lake sturgeon
(NYS DEC, 1999). Historically the fishing community saw large lake sturgeon populations as
nuisances because individual fish were notorious for entangling and ripping commercial fishing
equipment (McQuown et al., 2000). Anthropogenic effects have contributed to extensive habitat
alteration through migration barriers (e.g. dams and industrial development) and physical
destruction of spawning habitats, decreased water quality through various types of pollution (e.g.
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soil and herbicide runoff due to agricultural sources) and the "competition" with invasive species
to native waters (e.g. lamprey) (May, 1997; Krieger, 2000; St. Pierre and Runstrom, 2004).
Conservation Efforts: The Past
In spite of the exploitation of the species and the thoughts that current populations
regardless of lower numbers are considered stable, there are still numerous efforts for
conservation of these fish. According to various sources, there is a great deal of effort to
"preserve, enhance and restore existing North American populations of sturgeon." Many of
these efforts are driven via governmental agencies such as the New York Department of
Environmental Conservation and CITES Management Authority of Canada (NYS DEC, n.d.; St.
Pierre and Runstrom, 2004). Worldwide these protective measures include, but are not limited to
habitat restoration, stricter regulations on harvesting and stocking (Billard and Lecointre, 2001).
NYS DEC conservation efforts are on several fronts: legislation, population management, and
education. In 1966 with the advent of The Endangered Species Preservation Act (ESPA), the
legal responsibility for the conservation of threatened and endangered species mandated United
States federal government involvement. The ESPA called for the development of a master list of
native endangered species and allocated funds through the Department of Agriculture for species
protection (US Fish & Wildlife Service, 1996). The ESPA was altered in 1969 with the addition
of worldwide protection for species on the list (US Fish & Wildlife Service, 1996). In 1973,
Congress combined the ESPA and its addendums to formulate what is now known as the
Endangered Species Act (ESA). The ESA broadened the protection begun by the ESPA by
including habitat protection as a "means whereby the ecosystems upon which endangered species
and threatened species depend may be conserved, to provide a program for the conservation of
such endangered species and threatened species," (US Fish & Wildlife Service, 1996).

6

Currently, ten species of sturgeon are recognized in North America (Ridley, 1996). The
population status of most species is in decline as evidenced by the figures from the International
Union for Conservation of Nature (IUCN). As of March 2010 - International Union for IUCN
recognizes 85% of sturgeon species are at risk for extinction. Of those sturgeon 63% are listed
as "Critically Endangered," and 4 species are now possibly extinct. Lake sturgeon once classified
as endangered or threatened in 19/20 states within their historical home range, is now considered
a "least concern" and they have populations which are on the rise. (IUCN, 2010; Welsh et al.,
2008). The Committee on the Status of Endangered Wildlife in Canada (COSEWIC) agrees with
the IUCN, stating that lake sturgeon are not listed as a species at risk.

This is because

COSEWIC believes that various subpopulations throughout the area are capable of sustaining
themselves (St. Pierre and Runstrom, 2004). It has been estimated that sturgeon populations are
currently only 1% of their historical sizes (Welsh et al., 2008). Due to such a population decline
in most North American species, definitive conservation classification of these fish is critical to
establish conservation priorities for remaining populations
Conservation Efforts: The Present
In the past government conservation policies have proven ineffective for many species,
but this has recently changed as unions between state and federal agencies, as well as the general
public have formed (Bender and Leone, 1996; St. Pierre and Runstrom, 2004). The goals of such
unions between governmental agencies and the general public are as follows: begin
"rehabilitation and enhancement of sturgeon populations," successfully complete an assessment
of current populations, set-up and enforce harvest restrictions and finally to identify and restore
critical habitats," (St. Pierre and Runstrom, 2004).

After lake sturgeon became officially

protected in 1976, artificial propagation of lake sturgeon became one of primary management
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propensity for polyploidy, may have played a large role in their evolution: "In cases of
populations of polyploidy individuals, they are often isolated genetically, from their parent
species," (Freeman, 2004). This phenomenon can offer an important source ofgenetic variation
and promote reproductive isolation which can lead to the creation ofnew species.
Ongoing research studies of lake sturgeon have goals of determining and effectively
managing their genetic diversity (McQuown et al., 2000; 2002). Even though lake sturgeon
populations are small, nonlethal tissue sampling methods obtain sufficient sample sizes to allow
genetic research to be easily incorporated into conservation programs. Genetic analysis allows
for the examination of population structure and, if well designed, its comparison to previously
gathered genetic data sets. The importance of genetic analysis is summarized concisely by
Birstein et al. (1997) who states "lack of genetic divergence at the protein level between two
species is very unusual for fishes, especially because freshwater fishes typically exhibit
subpopulation differentiation significantly higher than that of especially marine species."
Previous studies by McQuown et al. (2000; 2002) have created a suite of genetic markers and
standardization protocols which are now available. This has facilitated collaborative research
among agencies and institutions, including this project at Rochester Institute ofTechnology and
the combining of data from temporally and geographically separate studies (e.g. Amy Welsh at
SUNY Oswego). This standardization oflake sturgeon genetic markers is an integral component
ofGreat Lakes Restoration Act (Hill, 2001).
It has been previously suggested that due to geographic isolation and limited stocking
resources, that freshwater species ofsturgeon (e.g. lake sturgeon) have kept their original genetic
make-up (Billard and Lecointre, 2001). Therefore the hypothesis of this project was that
populations of lake sturgeon, residing throughout the Great Lakes Basin are genetically
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depauperate; few mitochondrial haplotypes are present. Using the mitochondrial cytochrome b
locus, one should be able to determine mitochondrial haplotype diversity in the sturgeon
populations inhabiting the Great Lakes, as well as the tributaries of their tributaries (e.g. Niagara
River, Niagara, New York, and Mattagami River, Ontario, Canada).
Materials & Methods:

This research project used cytochrome b DNA sequences from all samples for the initial
purpose of confirming the identity of the species of interest. The verification that these samples
were lake sturgeon was critical prior to any future experimentation. The levels of divergence
seen in the cytochrome b sequence of this data may also be useful for the determination of
separately evolving populations within these particular samples. Following confirmation of
sample identity with cytochrome b, genetic diversity among the samples were assessed in
comparison with samples from National Center for Biotechnology's GenBank; of both, just lake
sturgeon, and of all of the other extant sturgeon species.
Sample collection.
Twenty-five samples were obtained from United States Fish & Wildlife Service
(USFWS): ten were collected during May-August 2001 during Thomas Hughes' (2002) MS
thesis project at SUNY Brockport, supervised by Christopher Lowie, USFWS in Amherst, New
York, and the remaining fifteen were provided by Betsy Trometer, USFWS in Amherst, New
York. The field collectors used a variety of methods to obtain these specimens (gill nets, setlines
and scuba divers). When each specimen was caught, their location in the Niagara River,
approximate age (via physical observation), physical attributes (length, weight) and date of
capture were recorded (Appendices 2a-f).

Twenty additional samples for this study were

obtained by Amy Welsh - SUNY Oswego during 2003. It is important to note that according to
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Welsh at al. (2008) the majority of these samples were from three Great Lakes spawning
locations (Menominee, St. Lawrence, and Des Prairies rivers). The remaining samples provided
from Welsh et al. (2008) were originally obtained from the Mattagami River and were previously
analyzed by McQuown et al. in their 2003 study (Appendices 2a-f; Figure 2).

The field

collectors used gill nets and setlines for the capture of these specimens. One final sample was
donated to this study by Dr. Paul R. Bowser at Cornell University (Appendices 2d-f). This
particular specimen was found dead on a bank of the Lower Niagara River. All of the samples
consisted of"pectoral or dorsal fin clips or sections of the pectoral fin ray" from juvenile to adult
lake sturgeon were collected taken from caught and released fish (Welsh et al., 2008). To
prevent DNA degradation, each sample was dried, stored in envelopes and frozen until the DNA
extractions were performed at Rochester Institute of Technology during winter 2005 thru fall
2006.
Choice of Genetic Analysis - Mitochondrial cytochrome b locus
According to Irwin et al. (1991), mitochondrial DNA (mtDNA) is a valuable molecule,
not only for its involvement in the electron transport in the respiratory chain in mitochondria, but
also for its "understanding the evolutionary relationships among species, populations and even
individuals." This particular gene locus has been well-characterized in previous studies of
family Acipenseridae, particularly for identification purposes in studies utilizing low quality
DNA (Birstein and DeSalle, 1998; Kyle, 2007). Due to how mtDNA is transmitted from an
organism to its offspring, it has been suggested to retain a history of past isolation for a longer
period of time in comparison to its nuclear counterpart (Ferguson and Duckworth, 1997). The
abundance of mitochondrial DNA in egg cells and scarcity of it in the portion of the sperm cell
which penetrates the egg during fertilization results in one mtDNA genome (usually maternal)
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per individual. This is unlike nuclear DNA, where during fertilization of the egg, there is
combining of both the egg and the sperm's nuclear material. Thus, an individual's nuclear DNA
is a mixture of maternal and paternal genomes. In many cases, vertebrate mitochondrial DNA
genomes are selected to show individual and population relatedness because they lack both
recombination and known DNA repair mechanisms.

It is also suggested that inefficient

replication repair mechanisms, as well as the high rate of occurrence of silent positions
(mutations that do not result in a change to the amino acid sequence) in mtDNA cause it to
evolve faster that nuclear DNA (Kvist, 2000).

Mitochondrial DNA divergence between

populations is also said to occur faster in comparison to nuclear DNA due to the size of the
mtDNA genome (mtDNA genomes are typically <20,000 base pairs while nuclear genomes in
fish range from 100 million to 10 billion base pairs depending on the species that of nuclear)
(Ferguson and Duckworth, 1997). Another advantage of mitochondrial DNA loci is that they
contain numerous copies per cell (hundreds) compared to two copies per cell of nuclear loci
(chromosomal genes) (Dolan DNA Resource Center, n.d.). After all, there are up to hundreds of
mitochondria in a cell each with dozens of copies of the mtDNA genome, and only a single
nucleus. This allows for an immense DNA yield from relatively small tissue samples. It is
believe by this author that since mitochondrial DNA is located within the mitochondria in a cell,
it is less likely than nuclear DNA to become degraded or damaged because of the lack of internal
barriers for protection purposes.

The cytochrome b locus is one of the most utilized

mitochondrial genes with regards to showing phylogenetic relationships (Figure 3). This locus
allows for "optimal levels of interspecific variation and technical feasibility thru low to
moderately divergent taxa" such as lake sturgeon (Buckley, 1996). Based on previous studies,
the variability of this particular gene sequence makes it extremely useful in determining
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differences among organisms of the same family or genus. (Castresana, 2001). Birstein et al.
(1997) suggests that mutations are three-four more times prevalent in the mtDNA cytochrome b
locus, as opposed to other mitochondrial genes (e.g. 12S and 16S). Thus, cytochrome b is
presumed to be "variable enough for population level questions, and conserved enough for
clarifying deeper phylogenetic relationships," (Kvist, 2000).
Technical Protocols
DNA Extraction. DNA was extracted using Qiagen's DNeasy® tissue extraction kit

(Qiagen, 2002). Approximately 25 mg of each sample fin clip was placed into a 1.5 mL
microcentrifuge tube containing 1.0 mL of extraction buffer for 24 hours to rehydrate the dried
samples.

This was to facilitate tissue digestion that requires samples to be softened and
°

homogenized in extraction buffer. The remainders of the samples were stored at -20 C. After
rehydration, samples were removed from extraction buffer and were digested with 20.0 µL 20
°

mg/mL proteinase K and 180.0 µL of ATL (Qiagen DNeasy® kit supplied buffer) at 55 C.
Incubation time varied depending on the speed of tissue digestions. Some samples digested fully
in as little as 2 hours, while others required extended overnight digestion. The remainder of the
extraction protocol was carried out per Qiagen's DNeasy® tissue extraction kit (Qiagen, 2002).
DNA concentration of the extraction was quantified using a Nanodrop ND-1000 v3.12
spectrophotometer®. "The Nanodrop will accurately measure double-stranded DNA samples up
to 3700 ng/µL without dilution. It does this by automatically detecting the high concentration
and utilizing the 0.2 mm path length to calculate the absorbance," (Thermo Fischer Scientific,
2008). The corresponding software (ND-1000 v.3.7.1) was opened and the "Nucleic Acid"
setting was selected to read the purity and quantity of the newly extracted DNA sample.
Calibration (zeroing) of the instrument then occurred by first, wiping the sensory arm (top and
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bottom) with a Kimwipe™ to ensure that only the desired samples were being measured. Then
1.0 µL of the "blank" was added to the sensory arm, allowing for calibration of the instrument
(First - 1.0 µL of sterile nanopure water, followed by 1.0 µL desired buffer from Qiagen
DNeasy® kit supplied buffer (ALT Buffer). (Qiagen, 2002) The sample ID was then recorded,
and 1.0 µL of the extracted sample was applied to the sensory arm where the "blanks" had been
previously applied. The Nanodrop sensory arm was cleaned in between each reading with a
Kimwipe™ to ensure that cross contamination did not occur. Once a sample was run, the
260/280 ratio and the amount of DNA present (ng/µL) were documented (Figure 4).

"The

260/280 ratio is used to assess the purity of DNA and RNA. A ratio of -1.8 is generally
considered "pure" for DNA; a ratio of -2.0 is generally accepted as "pure" for RNA. If the ratio
is lower in either case, it may indicate the presence of protein, phenol or other contaminants that
absorb strongly at or near 280 nm," (Thermo Fischer Scientific, 2008).

Therefore, those

particular samples were re-extracted. The 260/230 ratio, as seen in Figure 4, was not
documented. This is because "this ratio is used as a secondary measure of nucleic acid purity.
The 260/230 values for "pure" nucleic acid are often higher than the respective 260/280 values.
Expected 260/230 values are commonly in the range of 2.0-2.2. If the ratio is appreciably lower
than expected, it may indicate the presence of contaminants which absorb at 230 nm," (Thermo
Fischer Scientific, 2008).

Quantification of the DNA concentration allowed for the

determination of the appropriate amount of DNA to be allocated for amplification.
DNA Amplification- Cytochrome b. DNA amplification is preformed through a technique

known as the polymerase chain reaction (PCR). Target DNA sequences (cytochrome b and
some flanking tRNA) were amplified by a DNA polymerase enzyme then visualized on a stained
agarose gel (Malacinski, 2003). Short oligonucleotide sequences (24-26 bases) called primers
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are designed to match the 5'-3' ends of the target sequence (Figure 5). These primers initiate the
polymerase chain reaction by annealing to the target gene allowing extension by the DNA
polymerase. Polymerase chain reaction (PCR) of the mtDNA genes (cytochrome b and d-loop)
from the sample DNA extracts were performed in 20 µL reaction volumes kept cold on ice
during preparation. The balanced PCR reaction contained: 5.0 µL 5X (concentration) Buffer, 2.0
µL 20 mM dNTPs, 2.0 µL 20 mM MgCh, 1.0 µL of each 20 mM primer (e.g. H-16064 and L14919) 0.2 µL of GoTaq® polymerase (Promega), 1.0 µL Bovine Serum Albumin (BSA), 7.8 µL
sterile nanopure H20 and 1.0 µL of total DNA (from the previous DNA extractions). The
primers (Appendix 3) were selected because they have been shown to work for a broad spectrum
of taxa. (Buckley, 1997) To ensure that the entire cytochrome b gene was obtained additional
PCR reactions with varying primer, L & H, combinations may have been performed (Buckley,
1997). This means that if the initial L & H primer combination did not successfully yield the
entire 1140 base pair gene, more PCR reactions ran in hopes of piecing together smaller
fragments of the gene until all 1140 base pairs were accounted for. For each PCR reaction a set
of controls were prepared; one containing no DNA (negative control), and one containing 1.0 µL
of pre-extracted wild caught mouse, Mus musculus, DNA (positive control). Reactions were
carried out in the Perkin Elmer GeneAmp PCR System 2400 and were performed with the
°

°

°

following conditions : 94 C for 3.0 min. (denature), 52 C for 1.0 min. (re-anneal), 72 C for 1.3
°

min. (extend) and 50 C for 5.0 min. (terminal extension) for 35 cycles each.
Check gels were run to ascertain the success of the PCR. A sample of each PCR product
(5 µL) mixed with 3.0 µL of loading dye was run on a standard 2% agarose gel, consisting of
1.50 g Agarose and 80.0 mL of lx Tris-acetate (TAE) buffer, at 84 volts for 1.5 hours. A DNA
standard, 6.0 µL Benchmark™ ladder (Promega), was run along with the check samples to
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determine amplified target DNA size. Upon completion, check gels were placed in a refrigerated
TAE buffer/Ethidium bromide (EtBr) solution for a minimum of 30 min. EtBr intercalates with
double-stranded DNA and fluoresces upon ultraviolet illumination. This allows visualization of
amplified DNA target. Gels were observed using a Photodyne UV transilluminator. A successful
PCR was indicated by a visible band in each lane where a PCR sample was loaded. The
amplified cytochrome b band corresponds to a - 1200 bp standard band [1140 bp (cytochrome b)
+ 25 bp (per primer)] Photographs were taken with a UVP BioDoc-It® Imaging System.
DNA Sequencing Successful PCR reactions were purified for DNA sequencing using

Qiagen's QIAquick PCR Purification kit or OMEGA Bio-Tek E.Z.N.A. Cycle Pure Kit (Qiagen,
2002b; OMEGA, 2009). Concentration of the purified PCRs were determined using the
Nanodrop ND-1000 v3.12 spectrophotometer®, similarly to how it was used post-DNA
extraction. During the quantification of the PCR product, the Nanodrop was calibrated with 1.0
µL desired buffer from Qiagen's QIAquick PCR Purification kit (AE Buffer) or OMEGA Bio
Tek E.Z.N.A. Cycle Pure Kit (Qiagen, 2002b; OMEGA, 2009). The remaining Nanodrop
protocol was preformed just as before.

Quantification allowed for determination of the

appropriate volume of each purified PCR to use in a sequencing reaction.

If the 260/280 ratio

was above or below the desired value (-1.8-2.0), the PCR for that particular sample was rerun.
The amount of DNA required for the sequencing reaction was 20.0 ng DNA for each 200
base pairs (bp) of desired gene sequence. Since cytochrome bis -1140 bp, approximately 120
ng of each purified PCR reaction per sequencing reaction was used. Sequencing reactions were
set up on ice and contained: 2.0 µL Big Dye™ enzyme, 4.0 µL Big Dye™ buffer, 1.0 µL primer,
specified template DNA (120 ng - volume dependent on each purified PCR concentration) and
the remainder made up of sterile water for the total reaction volume to equal 20.0 µL. Two
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reactions were assembled for each sample PCR; one for each primer (H & L). Samples were
°

again placed in the thermal cycler at the following settings: 96 C for 1.0 sec (denature), 25 cycles
°

°

°

of: 96 C for 10 sec. (re-anneal), 50 C for 5.0 sec. (extend) and 60 C for 4.0 min. (terminal
extension). Sequencing reactions were purified by using Qiagen's DyeEx® 2.0 Spin Kit or
OMEGA Bio-Tek E.Z.N.A. Ultra-Sep Dye Terminator Removal Kit (Qiagen, 2002a; OMEGA
2009). The purified sequencing reactions were vacuum dried and rehydrated in 25 µL Hi-Dye
formamide which assisted in denaturing the purified the double-stranded sequencing reactions.
°

After re-suspension in HyDye formamide, samples were vortexed, heated at 95 C for 2.0 min.,
then chilled immediately on ice.
DNA sequencing reactions were run with an ABI 310 Genetic Analyzer at Rochester
Institute of Technology and at the Functional Genomics Center at the University of Rochester's
Medical Center. The locations of where the sequencing reactions were run was determined by
the availability of the equipment. Data was obtained and printed using the 310 Data Collection
v. 3.0.0 software provided with the sequencer.
Data Analysis
Individual sequences from each sample were compiled to form one cohesive sequence of
as much of the cytochrome b gene (-1140 bp) as possible using DNASTAR LaserGene SeqMan
Pro. All of the consensus sequences were than aligned using the Clustal W method in
DNASTAR LaserGene MegAlign. MEGA5 (Molecular Evolutionary Genetic Analysis version
5) was used to check the cytochrome b sequence for stop codons and unusual amino acid
substitutions (transitions and transversions). Sample pair-wise divergence and phylogenic trees
were calculated for cytochrome b with PAUP* (Phylogenic Analysis Using Parsimony). The
HKY (Hasegawa, Kishino and Yano) model of evolution was used to complete the construction
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Sample pair-wise divergence and phylogenic trees were calculated for cytochrome b with
PAUP* (Phylogenic Analysis Using Parsimony). The HKY (Hasegawa, Kishino and Yano)
model of evolution was used to complete the construction of the phylogenetic trees containing
NCBI's GenBank and this study's datasets. Both parsimony and maximum likelihood trees were
constructed to determine the degree of variation between this study's data and as many recently
published data sets as possible.
Results:

Exclusively lake sturgeon samples
The dataset included forty-two lake sturgeon from the Great Lakes Basin and some of its
Canadian and United States tributaries. Due to degradation, DNA was not extracted from four of
the forty-six samples; ELEOl (Eastern Lake Erie), LNROl (Lower Niagara River), ELE04, and
ELE06. The data set also included an outgroup, Mississippi paddlefish, Polydon spathula
(family Polyodontidae) which shares order Acipenseriformes with sturgeon. National Center of
Biotechnology Information's (NCBI) Basic Local Alignment Search Tool (BLAST) was used to
locate an mtDNA cytochrome b sequence for P. spathula (outgroup) and A. fulvescens to
compare the relationships among the samples utilized in this study. Several of the lake sturgeon
samples in this study resulted in an incomplete DNA sequence for the cytochrome b gene (<1141
base pairs). All but six of the forty-two samples sequenced contained the variable regions of
interest from 369 - 645 base pairs (bp).
Base composition - Third base pair position within a codon exhibited a clear bias towards

transitions (a point mutation which results in a purine (A, G) nucleotide replacing another purine
nucleotide, or a pyrimidine (C,T) nucleotide replacing another pyrimidine.

Two types of

variation were noted across the samples. In the dataset comprised strictly of lake sturgeon,
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Acipenser fulvescens, all of the haplotype differences were due to transitions, more specifically
synonymous (silent) substitutions. These types of substitutions are "mutations between two
triplets that code for the same amino acid and have no known effect on the protein sequence,"
(Ridley, 1996). 1.) Samples MRCOl (Mattagami River in Canada) and MRC05 had a Thymine
(T) instead of a Cytosine (C) at base pair position 369 of the 1141 cytochrome b gene (Table 1a).
This substitution did not alter the amino acid which was being coded for, Threonine (Thr). 2.)
Sample SLR05 (.S.t. Lawrence River) resulted in the third notable haplotype of the study. This
sample had differences at base pair positions 426 and 645 of the 1141 cytochrome b gene;
Adenine (A) instead of Guanine (G) and Guanine (G) instead of Adenine (A) respectively (Table
la). Just as noted in MRCOl and MRC05, the differences in SLR05 did not change the amino
acids which were coded for by the corresponding codons: codon 142 (containing base 426) Alanine (Ala) and codon 215 (containing base 645) - Arginine (Arg) (Table 1b). The occurrence
of this type of substitution is not surprising because two-thirds of all documented single
nucleotide polymorphisms (SNPs) are transitions (Ridley, 1996).

This is attributed to the

differing biochemical structure between purines (nine-member double-ring) and pyrimidines
(six-member single-ring) (Klug et al., 2009). According to Ridley (1996), "approximately 70%
of all changes in the third position are synonymous, whereas those occurring in the first and
second positions are meaningful." This idea is further supported by this research study (Table 2,
Table 3).
Phylogenetic analysis - It is apparent that the paddlefish sequence successfully rooted the
lake sturgeon tree. It can also be shown in Figures 6a.-b. that the remaining lake sturgeon split
into two distinct lineages; one of which contained MRCOl and MRC05 and the other that
consists of LNR16 and SLR05. This divergence means that SLR05 and all of sturgeon in the
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other Great Lakes and their tributaries share a more recent common ancestor (they are more
closely related) than some of the sturgeon inhabiting the Mattagami River in Ontario, Canada.
Despite this, LNR16, SLR05 and MRCOl (and MRC05) are still considered a monophyletic
clade; a closed related group of organisms that share a recent common ancestor.
The node between LNR16 and SLR05 resulted in a bootstrap value of 100% on the
parsimony based phylogeny. This value means that these sturgeon (all of the samples except
MRCOl and MRC05) are considered sister taxa in 100% of the bootstrap pseudoreplicate
analyses. Bootstrap values on a phylogenetic tree do not test the accuracy of the tree itself; they
only support the stability of the phylogeny's topography. Therefore the higher the bootstrap
value is, the more the data support the nodes on the tree. In contrast, the maximum likelihood
phylogeny shows the same node with a 65% bootstrap value. Despite the variation in the
bootstrap values between the parsimony and maximum likelihood trees, they exhibit the same
evolutionary relationships (Figures 6a-b). This similarity is one of notable significance because
the methodologies for constructing parsimony versus maximum likelihood phylogeny are
different from one another.
With regards to this study, the branch lengths for the node between LNR l 6 and SLR05,
as well as the node for MRCOl (and MRC05) are relatively short. Therefore, the overall degree
of genetic variation between the forty-two samples in this study is small, implying that these lake
sturgeon have diverged more recently and inferring that less evolution has occurred.
This study's lake sturgeon samples of the Great Lakes Basin in relation to those submitted to the
National Center for Biotechnology Information (NCBI)
The dataset includes eight samples of mitochondrial DNA sequences obtained from the
National Center for Biotechnology (NCBI). (Appendix 4) Theses samples are in addition the
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forty-two lake sturgeon samples which were initially analyzed in this study. Three of the eight
samples (GenBank Accession # - AF006125.l, AF006135.l and AF006178.1) were from
Birstein and DeSalle's 1998 publication "Molecular phylogeny of Acipenserinae." Kyle and
Wilson provided two of the eight samples (GenBank Accession # - DQ451318.1 and
DQ4513l 9.19) from their research study entitled "Mitochondrial DNA identification of game
and harvested freshwater fish species," (2007).

The remaining three samples were acquired

from separate research studies: Brown et al., 1996 (GenBank Accession# - U32309.l), Fain et
al., 2000 (GenBank Accession# - AF308922.1) and Ludwig et al., 2000 (GenBank Accession# AJ245829.l)
Upon retrieving each of these mitochondrial DNA sequences, they were entered into the
condensed alignment of this study's data (including samples LNR16, MRCOl and SLR05), as
well as P. spathula for an outgroup. Despite all of the samples being "classified" as cytochrome
b, during the alignment process this was discovered to be untrue. Only seven of the eight
samples were fragments of the 1140 bp cytochrome b locus. (Appendix 4) After being unable to
clearly align GenBank Accession # U32309.l sample, it's sequence was BLASTed and
determined to be d-loop (another mitochondrial locus), for species, A. gueldenstaedtii. After the
addition of all of the other NCBI samples to this study's alignment it was determined that three
of the samples were cytochrome b sequence but not for A. fulvescens (GenBank Accession #
AF006125.l, AF006135.l and AF006178.1). BLASTing further confirmed that these samples
were cytochrome b for several other members of Acipenseridae. The 247 base pair bp sample
(GenBank Accession# AF006125.l) had a 99% query coverage (certainty rating) for number
species in family Acipenseridae (e.g. A. daryanus, A. schrenckii and A. sinensis). Whereas, the
124 base pair bp sample (GenBank Accession# AF006135.l ) had a 100% query coverage for
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A. daryanus, A. sinensis and H. huso. The 151 bp sample (GenBank Accession# AF006178.)
resulted in 100% query coverage for A. sinensis. This means that four of the eight samples
obtained from NCBI were either from another mitochondrial locus or from another species of
sturgeon.

Phylogenetic Analysis - It can also be shown in Figures 7a-b, that the lake sturgeon split
into two distinct lineages; one of which contained MRCOl (and MRC05) and the other which
contained all six samples (GenBank AF308922.1, GenBank AJ245829.l, GenBank
DQ451318.l, GenBank DQ451319.19, LNR16 and SLR05). This phylogenetic trend is similar
to that seen in Figure 6a-b. All four the GenBank samples utilized here, as well as the majority
of lake sturgeon samples from this study they are more closely related than some of the sturgeon
found in the northern tributaries of the Great Lakes Basin (Samples MRCOl and MRC05).
Thus, all of the samples (four from GenBank and forty-two from this study) contained within the
phylogenies depicted in Figures 7a-b form a monophyletic clade.
The node between GenBank DQ4513 l9.19 and SLR05 resulted in a bootstrap value of
61% on the parsimony based phylogeny. This value means that these sturgeon are considered
sister taxa in 61% of all of configured bootstrap replications.

In contrast, the maximum

likelihood phylogeny shows the same node with a bootstrap value of 76%. All of the remaining
samples in this phylogeny, except MCROl, depict a polytomy. A polytomy is an evolutionary
scenario when a phylogeny shows two or more taxa (immediate descendants) at the same internal
node (University of California Museum of Paleontology, 2008). Bootstrap values for this node
vary between parsimony and maximum likelihood, 79% and 49% respectively. Despite the
variation, these relationships are not refutable because at least one of the phylogenies strongly
supports the node. Both of the phylogenies (parsimony and maximum likelihood) contain a
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mixture of a single resolved node and polytomy. Due to this mixture, these phylogenies are
considered partially resolved (Figures 7a-b). The similar size of the branch lengths throughout
the maximum likelihood tree shows that there are minimal genetic differences among these lake
sturgeon samples. Despite the variation in the bootstrap values between the parsimony and
maximum likelihood trees, they still exhibit the same evolutionary relationships (Figures 7a-b).
All species of sturgeon from family Acipenseridae
The dataset includes twenty-four of the twenty-six species from family Acipenseridae,
including the genera (Acipenser, Huso, Psuedoscaphirhynchus and Scaphirhynchus). The two
species not present in this study are Acipenser multiscutatus and

Pseudoscaphirhynchus

fedtschenkoi. In both cases, no DNA sequence, nuclear or mitochondrial, was available. It has

been suggested that DNA for A. multiscutatus will never be available because this particular
species' name is a synonym for another sturgeon species, A. schrenckii. NCBI's (National
Center for Biotechnology Information) BLAST (Basic Local Alignment Search Tool) was used
to locate mtDNA cytochrome b gene sequence for these sturgeon and an outgroup to compare
the relationships of the samples utilized in this study. The outgroup, P. spathula, shares the same
order Acipenseriformes as sturgeon, but different family Polyodontidae.

A single member for

each one of the aforementioned haplotypes (LNR16, SLR05 and MRCOl) was used to represent
A. fulvescens.
Base composition - The complete mitochondrial DNA cytochrome b gene sequences for

all sturgeon species is 1141 nucleotides long.

Of the 1141 nucleotides, 1140 encoded for

proteins for 380 amino acids. The cytochrome b gene beings with an ATG start-codon and does
not appear to contain a full length stop-codon. The final complete codon in this gene sequence is
an ACC (coding for Threonine), rather than an UAA, UAG or UGA* (* is not considered to be a
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terminator in vertebrate mitochondrial DNA (Elzanowski and Ostell, 2010). According to
Elzanowski and Osten (2010), AGA and AGG are also considered to be possible stop-codons in
the vertebrate mitochondrial genome. These findings were consistent with previous studies by
Ludwig et al. (2001) (Table 2).
The nucleotide composition at the three base positions within the cytochrome b codons
showed a great deal of variability (Table 3). The most notable difference is seen in the third
position with an average standard deviation of 1.3 (ranging 1.0-1.5), as compared to the first and
second position with an average standard deviation of 0.4 and 0.15 respectively. The third base
position shows high variability in an nucleotides, in particular Thymine (T) and Cytosine (C).
The high variation of T (U) and C is a trend seen in an positions with an overall standard
deviation 0.6, as opposed to 0.4.
Phylogenetic Analysis - Order Acipenseriformes contains two major families:

Acipenseridae and Polyodontidae.

Within these families there is an apparent disjunct

distribution; meaning the taxon contains two or more biologically related groups that drastically
differ in their geographic location (Table 4a-b). There are four genera within Order
Acipenseriformes; two of them (Scaphirhynchus and Pseudoscaphirhynchus) can be considered
monophyletic clades (Figures 8a-b).

These two can also be considered sister taxa to the

Acipenser because they were derived from a common ancestral node. The same cannot be said of

the remaining two genera; Acipenser and Huso. Acipenser can be divided into three distinct
clades (2-large, 1-sman) as seen in both the parsimony and maximum likelihood phylogenies
(Figures 8a-b). A. baerii, A. brevirostrum, A. fulvescens, A. gueldenstaedtii, A. naccarii, A.
nudiventris, A. persicus, A. ruthenus and A. stellatus are the sturgeon species which make up the

first large clade. This clade has more commonly been referred to as the Atlantic clade (Birstein et
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al., 1997; Ludwig et al., 2001). The name is given to this group because geographically, all of the
organisms found within, have home ranges in the Atlantic Ocean or one of the tributaries which
drain into it. Besides Acipenser, another distinct group can be found within that Atlantic clade;
the monophyletic clade containing Pseudoscaphyrynchus kaufmanni and Ps. hermanni.

The

second large clade is known as the Pacific Clade contains the following Acipenser species: A.

dabryanus, A. medirostris, A. mikadoi, A. schrenckii, A. sinensis and A. transmontanus. The
name also refers to the home ranges for these species; residing in the Pacific Ocean and its
tributaries. (Ludwig et al., 2001) The third and final group contains the remaining species of A.

oxyrinchus and A. sturio. The two species of Huso depicted within these phylogenetic trees, H.
huso and H. dauricus, are separated within the tree, rather being grouped together. H. huso is
located within the Acipenser Atlantic clade, whereas H. dauricus is found in the Acipenser
Pacific clade. This indicates that the genus Huso is at best a paraphyletic taxon, and probably a
junior synomym of Acipenser. It is also important to note that the outgroup, Polydon spathula, is
basal to all of the other sturgeon species in this phylogeny.
To support the aforementioned relationships, bootstrap values were calculated for both the
parsimony and maximum likelihood phylogenies.

The majority of bootstrap values were

similar; primarily when observing the genetic relatedness to two-three species at a time. For
example, the node connecting A. perscicus and A. naccarii resulted in 84% certainty with
parsimony and 82% with maximum likelihood (Figures 8a-b). The similarities within bootstrap
values do not just correspond within a species, such as Scaphirynchus or Pseudoscaphirynchus,
99% for parsimony and 100% for maximum likelihood for both species (Figures 8a-b). After all,
the bootstrap values at the node connecting H. dauricus to A. medirostris and A. mikadoi were
extremely strong; 96-97% for parsimony and maximum likelihood respectively (Fi gures 8a-b).
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With regards to the relatedness of the species within the Atlantic and Pacific clades, these are not
as definitive, and show a great degree of variation when viewing their overall relatedness to the
group as opposed to each individual. The analyses displayed weak bootstrap support for the
Atlantic Acipenser clade as a whole (45% = parsimony, 50% = maximum likelihood), whereas
analyses showed a strong, fairly accurate relationship within the Pacific Acipenser clade (83% =
parsimony, 90% = maximum likelihood) (Figures 8a-b). The overall structure of the parsimony
and maximum likelihood trees are the same, regardless of the variation in the bootstrap values
between these phylogenies. Therefore the fundamental relationships between the analyses are
the same. Despite being separated from the rest of Acipenser, the remaining group containing A.
sturio and A. oxyrinchus showed just as strong of a relationship as the genus Scaphirynchus

and/or Pseudoscaphirynchus.
Discussion:
Exclusively lake sturgeon samples
This study confirms that at least three distinct mitochondrial haplotypes exist within the
waters of the Great Lakes Basin and its corresponding tributaries.

The three haplotypes

corresponded with individuals found in: 1.) the St. Lawrence River (New York, U.S.A.), 2.) the
Mattagami River (Ontario, Canada), and 3.) all the remaining areas sampled within the Great
Lakes Basin (both the USA and Canada). Thirty-nine of the forty-two samples shared identical
genetic code for the 1411 bp cytochrome b locus. The remaining three samples showed a
minimal, but notable difference from the rest; 3 base pair positions varied out of 1141 total. This
is approximately a 0.09%, or about 1/101h of one percent variation from one haplotype to another,
thus supporting the initial hypothesis of this project, that populations of lake sturgeon residing
throughout the Great Lakes are genetically depauperate. .
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Within the remaining two variants, two samples (MRCOl and MRC 05) contained the
same genetic sequence, whereas the third (SLR05) was unique in its own right. (Table 1)
Previous studies (Welsh et al., 2008) have also shown that there is a great deal of genetic
diversity in the sturgeon located in the St. Lawrence River. This study's data also supports this
idea as one of three haplotypes is located in the Lower Great Lakes. Despite the fact that the
modem "demographic and ecological characteristics are fairly consistent among the Great
Lakes," this has not always been the case. (Welsh et al., 2008) The differences in these
particular samples are thought to correspond with the geographic history of the Central-North
Eastern United States and Southern Canada.
Biogeographic Related Findings - During the Pleistocene Epoch (-2,588,000-11,700

years ago), the Laurentide Glacier/Ice sheet advanced and retreated repeatedly on most of North
Eastern and Central North American (Lomolino et al., 2006). As the ice sheet began its most
recent retreat northward, Lake Agassiz was formed, covering approximately 365,000 m2 of the
central portion of North America (Bluemle, 2007) (Figure 9). At this time, a divide between the
Hudson Bay in Canada and the Mississippi River drainage basin in the U.S.A., resulting in a
blockage of water that caused water to flow to the north. This prolonged divide could provide a
plausible reason as to why two of the five samples from Mattagami River are distinct. After all,
at this time there was no direct dispersal passage from the northern most geographic range of
lake sturgeon to the central or southern ranges (Figure 1). Also, as the ice sheet shifted it caused
fluctuations in temperatures and water levels throughout both the land and aquatic ecosystems,
changing their geographic conformation (e.g. several small land masses that were once
submerged, were now breaking the surface creating terrestrial land bridges). These changes
likely contributed to the alteration of migration patterns, particularly for species, such as lake
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sturgeon that reside in the shallower waters of the now Great Lakes Basin and the coastlines of
the Eastern North America (Lomolino et al., 2006).

The development of the Great lakes

themselves changed the northern migratory patterns of this species, coinciding with the
formation of various new tributaries which drained bodies of water in and around the Hudson
Bay, Canada into Lake Superior (Figure 10). This could potentially explain why the three
haplotypes found in this study are possessed by fish located in widespread geographical
locations. The majority of the lake sturgeon sampled (thirty-nine of the forty-two) were located
within the main bodies of water comprising the Great Lakes, rather than their tributaries. These
thirty-nine fish (represented by LNR16 in Figure 6a-b) are genetically identical. Welsh et al.
(2008) even suggested that the lake sturgeon residing in the Great lakes were originally made up
of a "single panmictic population." This phenomenon has been seen in many other fishes that
occupied the Great Lakes region from the Mississippi River glacial refugium. After all, the
Great Lakes were broadly connected during melting times (Figure 10).
The events of the late Pleistocene led to the segregation of small groups of individuals,
thus heightening the diversification from one taxon to another. (Lomolino et al., 2006) This
segregation was primarily due to geographic changes in aquatic migration patterns; new
tributaries were developing and some preexisting ones were altered or dissipated completely.
The primary response of biotas during this most recent period of glaciation were either to
migrate with their optimal habitat or to continue to reside in their current geographic location and
adapt as needed; potentially resulting in the colonization of new populations. (Lomolino et al.,
2006) Such recent colonization would explain why there is a lower amount of genetic diversity
within these fish. The remaining three samples of this study (MRCOl , MRC05 and SLR05) were
dispersed between the northern most part, as well as the eastern most part of the lake sturgeon
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range. Also, 4,000-12,000 years is a very short time frame for much genetic diversification for
populations living in very similar habitats. Thus it is interesting that the "river" specimens are
different for the "lake" specimens. It can be suggested that this low variation may be entirely
natural given the recent evolutionary colonization of very similar habitats in the Great Lakes
Basin.
The phenomenon of mitochondrial pseudogenes - The primary objective of this study was
to determine the degree of genetic diversity within lake sturgeon populating the Great lakes and
their tributaries. To achieve this, as well as validate this research, it was crucial to extract,
amplify and sequence the entire mitochondrial DNA (mtDNA) cytochrome b locus (1140 bp).
By obtaining the entire mitochondrial DNA cytochrome b locus, the chance of amplifying and
sequencing numts (copies of mtDNA that has been accidentally embedded within nuclear genetic
code). Bensasson et al. (2001) has suggested that the transfer of DNA from the mitochondria
into the nucleus of the cells could be part of an ongoing process. Numts are also referred to as
pseudogenes. Numts can "lead to the production of a large pool of sequences with varying
degrees of homology to organellar mitochondrial DNA sequences" (Kolokotronis et al., 2007).
Tracing the movement of this genetic material is critical as it has been viewed in a wide variety
of organisms (80+ species), most prominently in human and plant genomes (Bensasson, 2001).
Despite the numerous research studies on numts over the past years, it was not until Antunes and
Ramo's (2007) study that the existence of numts was noted in fish genomes.
Within the past ten years, this phenomenon has presented opportunities and challenges
within various fields in the biological sciences (e.g. conservation, evolutionary and population
biology).

After all, mitochondrial genetic codes differ drastically from their nuclear

counterparts. These numts are products of various genes within the mitochondrial genome (e.g.
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excluded. The lack of pseudogenes within the forty-two samples from this study, as well as
those eight acquired from GenBank was further confirmed by translating the "raw" genetic code
into an amino acid sequence; which resulted in no embedded stop codons, a hallmark of
pseudogene sequences.
Lake sturgeon from the Great Lakes Basin compared to those submitted to the National Center
for Biotechnology Information (NCBI)
The additional data set obtained from NCBI provided further support of this study's
hypothesis that populations of lake sturgeon residing throughout the Great Lakes Basin are not
genetically diverse. This is because the four samples of mitochondrial DNA that were placed in
the alignment created by this study's data only provided one additional haplotype (Figures 7a7b). This additional haplotype is exhibited by Kyle and Wilson's (2007) sample GenBank
Accession # DQ451318. l which originated from the southernmost region of Ontario, Canada.
The two of the three haplotypes proposed by this study were further supported by some of the
GenBank samples. One of these haplotypes is exhibited by a monophyletic clade consisting of
SLROS and GenBank Accession# DQ451319.19 (Figures 7a-b). Phylogenetic analysis clearly
supports the intraspecific nature of the genetic sequences of these organisms with bootstrap
values of 61% (parsimony) and 76% (maximum likelihood), relatively low to moderate bootstrap
support. Their relatedness also strongly correlates with the geographic location; as both samples
(SLROS and GenBank Accession# DQ451319.19) are from the easternmost portion of the lake
sturgeon habitat range (Figure 1).

It should be noted that both GenBank Accession #

DQ451318.1 and DQ451319.19 are from the southern tier of Ontario, Canada. This is not
surprising considering that previous studies have suggested high allelic richness in and around
the waters of the St. Lawrence River (Welsh et al., 2008). The next haplotype contained the
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largest amount of lake sturgeon samples; including thirty-nine from this study's data set (again,
represented by LNR16) and two from the GenBank data set (Accession# AJ245829.l and#
AF308922.1 ). The addition of two of a total four samples from GenBank into a single haplotype
was not surprising, especially considering that 92.9% of the fin clips analyzed in this study were
genetically identical. Unfortunately, further correlation between the GenBank and this study's
samples cannot be determined due to lack of locale information from Ludwig et al., 2000 and
Fain et al., 2000. The fourth haplotype noted in this study, contains only MRC05 (and MRCOl),
is considered a sister group to all of the other samples (Figures 7a-b), however bootstrap support
for this position is lacking and would require additional samples for a proper test of this
relationship.
All species of sturgeon from family Acipenseridae
The genetic diversity seen within the lake sturgeon in this study is comparable to that
found in previous studies using other members of family Acipenseridae. (Welsh et al., 2008)
Many sturgeon have well resolved relationships, while others do not. The uncertainty among
relationships may be influenced by overlapping geographic distributions and migration barriers.
It is the hope that the increasing amounts of interest and genetic research of these organisms will
continue to eliminate confusion about their evolutionary history. Though many of other studies
have conducted evolutionary analysis, none of them to date have provided a complete phylogeny
(e.g. maximum likelihood, neighbor-joining and parsimony) until now. This portion of this
study has elaborated on the relationships found in such studies as Birstein and DeSalle (1998),
Krieger et al. (2000), and Ludwig et al. (2001). Many of the findings seen in Figures 8a-b are
also supported by Billard and Lecointre's (2001) review on the "Biology and conservation of
sturgeon and paddlefish." First and foremost, the Acipenseridae family is divided into four
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genera: Acipenser, Huso, Scaphirhynchus, and Pseudoscaphirhynchus, all these display only
small to moderate amounts of genetic differentiation (Table 3, Figure 8a-b). This is supported by
the minimal variation of branch length seen on the maximum likelihood phylogeny (Figure 8b).
Despite the divisions mentioned above, these genera do not necessarily form their own
separate clades within the family. Acipenser is well-divided into three monophyletic clades,
which are sister groups to one another. The two larger of clades share both genetic, as well as
geographic characteristics. Hence, these groups are commonly referred to as the Atlantic and
Pacific clades. The Atlantic clade consists of nine Acipenser species, one Huso species, and two
Pseudoscaphirhynchus species; whereas, the Pacific clade consists of six Acipenser species and
one Huso species. It is interesting that the two Huso species are embedded within the Genus
Acipenser, rather than being separated into their own clade. These relationships are supported by
both molecular and morphological data (Billard and Lecointre, 2001). H dauricus shows a
stronger correlation to the Pacific clade, specifically A. medirostris and A. mikadoi; bootstrap
values of 96% and 97%, parsimony and maximum likelihood respectively (Figures 8a-b). H
huso does not share such a correlation, as the node for the relationship between this species and
the remaining within the Atlantic clade show bootstrap values of 24% for parsimony and 50%
maximum likelihood (Figures 8a-b). This "inconsistency'' suggests that Kaluga sturgeon (H
dauricus) and Beluga sturgeon (H huso) have been misclassified. If the current relationships of
these two species is confirmed by additional studies, Huso and or Acipenser would be rendered
paraphyletic or Huso may in fact be junior synonym of Acipenser. Further genetic analysis (of
mitochondrial and nuclear genomes) is necessary to alleviate such confusion in the Acipenser
Huso relationship. The two Pseudoscaphirhynchus species, though found within the Atlantic
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clade, form their own clade although show a nested position with respect to Acipenser indicating
possible paraphyly of one or both genera.
The third clade consists of Acipenser sturio and Acipenser oxyrinchus. The grouping of
these two sturgeon species is consistent with other studies, but little is known about the origin of
their relationship, particularly since their geographic locale is extremely distant from one another
(Table 4a). Birstein and DeSalle (1998) even went as far as suggesting that A. oxyrinchus was a
subspecies of A. sturio. Genetically, this theory is supported by both the bootstrap values of this
study's parsimony and maximum likelihood phylogenies, 99% and 100% respectively (Figures
8a-b). The taxonomic validity of Huso, Scaphirynchus and Pseudoscaphyrynchus are all suspect
until their relationships to the remaining species of Acipenser are more firmly established. The
current study finds varying degrees of support for sister relationships of each of these genera to
different species, clades, or subgroups of the genus Acipenser. If these relationships are upheld
by additional sequence data, Acipenser would be rendered paraphyletic. Though analyses in this
study are preliminary, modifications (including synonymy) to the content of the four recognized
genera are likely to be necessary in the future so that sturgeon taxonomy recognizes
demonstrably monophyletic groups and no paraphyletic taxa.
Further Research
This study contributes some resolution to the current population status of the lake
sturgeon residing in and around the Great Lakes Basin. Yet, as in all investigative studies
additional research opportunities can always be suggested to provide further support for the
hypothesis proposed within.
Continuation of Genetic Analysis. - Using a board variety of genetic data can potentially

offer more concrete evidence to the relationships among lake sturgeon populations within North
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America. First and foremost, mitochondrial cytochrome b locus research should continue with
the inclusion of lake sturgeon samples outside of the Great Lakes Basin. As previously stated in
this study, the lack of genetic diversity has been primarily attributed to the biogeographic history
of this species. With origins in the southern portion of current geographic range (Figure 1), it is
crucial to obtain samples from the waters of the Mississippi, Ohio and Missouri River drainages
before any definitive conclusions can be made about the overall genetic diversity within this
species as a whole.
Second, Great Lakes Basin and its tributaries potentially have an advantage of higher
rates of sequence substitution in mitochondrial loci other than those seen in the protein coding
cytochrome b locus. Thus, sequencing the control region of the d-loop of this study's current
samples allows for a more precise estimation of samples' relatedness to one another because it
contains higher rates of sequence substitution. This locus was not used in this study because it is
not adequate for initial species identification and there is a scarcity of sturgeon d-loop sequence
available in the federal data bases (NCBI/GenBank) for comparison.
Third, the use of the microsatellite loci developed by McQuown (2000; 2002) following
assessment of population diversity with the two mitochondrial regions (cytochrome b and d
loop) may also be relevant. The use of microsatellites allows for more exclusive discrimination
of genetic variations at low levels than other types of genetic characters (Pyatskowit et al., 2001).
Microsatellite loci consist of nucleotides repeated, for example, tetranucleotides such as GATA,
occurring sequentially in variable numbers per locus (May et al., 1997). These repeat motifs are
somewhat randomly distributed within the chromosomal genome of vertebrates and more
commonly appearing the noncoding regions and are nonfunctional. Genotyping achieves this
discrimination through the determination of individual sample microsatellite genotypes which
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can be collected into genotype and allele frequencies for entire populations of fish. McQuown et
al. (2000, 2002) developed lake sturgeon microsatellite loci in the lab of Dr. Bernie May UC
Davis. Dr. May et al. (1997), has suggested that DNA fingerprinting shows, "highly allelic
variation per locus," in lake sturgeon. May et al. (1997) has also suggested that such genetic
variations "are necessary for the definitive studies to be conducted (i) to determine the genomic
structure of sturgeon species with different chromosome numbers, (ii) to describe the population
structure, and (iii) measure the effects of ongoing stocking programs on the genetics of native
species."
Forth and finally, it may also be valuable to sequence multiple nuclear loci of this study's
current samples. This would allow for the determination of intra-specific relationships via
introns, as well as family/generic relationships via exons. It is believed that by obtaining a
variety of genetic data, mitochondrial and nuclear, that the primary conclusions of this study
would be strongly supported and overall validated.
Conclusion:

This study indicates that the mitochondrial DNA haplotype diversity in lake sturgeon in
the Great Lakes Basin is surprisingly low when their age and geographic distribution are taken
into account. Only four haplotypes were noted; three from this study and one additional from the
NCBI's GenBank samples. Previous studies (Welsh et al, 2008) have also shown there is more
genetic diversity in the lake sturgeon populations from the western and eastern ends of their
range (Lake Superior and St. Lawrence River Valley). This study's data also supports this idea
as two of three haplotypes are located in this region. Though this is a direct concern, it may offer
some resolution to how current conservation efforts are being handled. By understanding what
specific areas the variation resides, it can facilitate how and if restocking will take place in one
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area or another. It has also been suggested that "knowledge is power." If this is true, bringing
the status of these fish to the public forefront may increase monetary (federal, state or private)
contributions, as well as volunteer efforts to preserve them for generations to come.
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Figure 1: Distribution of lake sturgeon, Acipenserfulvescens, in North America. (Earle, 2002)
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Figure 2: General locale of the lake sturgeon, Acipenserfulvescens, that were sampled for this genetic study. (Map courtesy
of google.com)
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Figure 6: Genetic relationships of the three haplotypes oflake sturgeon within the Great Lakes
Basin exhibited using two types of phylogenic trees; parsimony and maximum likelihood.
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Appendix 1: Recent article published in the Rochester Democrat and Chronicle about locating a
lake sturgeon on Hilton Beach in Hilton, New York. (Roth, 2012)
"Living on Lake Ontario on West Beach Road in Hilton, Stan Johnston sees his share of
strange things float ashore. Bottles. Drift wood. Park benches. What washed ashore late
last week, though, tops anything he's seen: a dead lake sturgeon measuring almost 59
inches and weighing an estimated 65 pounds. "It looked like a shark," said Johnston, 60,
a retired Kodak employee who ran back into his house to look up the rare fish on the
Internet to be sure what it was. "I wasn't sure because I've never seen one. It's crazy
looking." Like something from Jurassic Park. Actually, sturgeon date to the Upper
Cretaceous Period when dinosaurs still roamed the earth 65 million to 100 million years
ago. Valued for their meat and caviar, native lake sturgeon were abundant in Lake
Ontario and supported a robust commercial fishing industry in the late 1800s until
extirpated from many of the tributaries and waters where they spawned. But they are
making a comeback. Johnston said he and a friend, Barb Donish, were removing a dead
Canada Goose from a concrete ramp when Barb noticed what she thought was a very
large carp laying on the sand. "I said 'That's no carp,"' Johnston said. "I was truly
amazed." So was the Environmental Conservation officer who arrived to investigate
Johnston's phone call. "He never expected to see an actual sturgeon let alone a monster
because they get a lot of calls and it's usually something totally different from what was
reported," Johnston said.

Web Pearsall, fisheries manager for the Department of

Environmental Conservation's Region 8 office in Avon confirmed Johnston's find and
that a fin clip was obtained and sent out of state for genetic testing. Officials hope to
obtain the fish's age and strain from DNA."
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